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Abstract
·AIM:Tocomparethecornealparametersofchildren
withcongenitalisolatedgrowthhormonedeficiencyand
healthysubjects.
·METHODS:Inthiscross-sectional,prospectivestudy,
50caseswithgrowthhormone (GH)deficiencytreated
withrecombinantGHand71healthychildrenunderwent
a complete ophthalmic examination. The corneal
hysteresis (CH), corneal resistance factor (CRF),
Goldmann-correlatedintraocularpressure (IOPg)and
corneal-compensatedintraocularpressure(IOPcc)were
measuredwiththeOcularResponseAnalyzer(ORA).
Centralcornealthickness (CCT)wasmeasuredbya
ultrasonicpachymeter.
·RESULTS:Themeanagewas13.0依3.0yearsintheGH
deficiencygroupconsistingof21femalesand29males
and13.4 依2.4yearsinthehealthychildren group
consistingof41femalesand30males.Therewasno
statisticallysignificantdifferencebetweenthegroupsfor
genderorage(Chi-squaretest, =0.09;independent -
test, =0.28, respectively). The mean duration of
recombinantGHtherapywas3.8依2.4yinthestudygroup.
ThemeanCH,CRF,IOPgandIOPccvalueswere11.0依
2.0,10.9依1.9,15.1依3.3,and15.1依3.2mmHgrespectively
inthestudygroup.Thesamevalueswere10.7依1.7,10.5依
1.7,15.2 依3.3,and15.3 依3.4mmHgrespectivelyinthe
controlgroup.ThemeanCCTvalueswere555.7依40.6,
545.1 依32.5 滋m in the study and control groups
respectively. There was no statistically significant
differencebetweenthetwogroupsforCH,CRF,IOPg,
IOPccmeasurementsorCCTvalues(independent -test,
=0.315,0.286,0.145,0.747,0.13respectively).
·CONCLUSION:OurstudysuggeststhatGHdeficiency
doesnothaveaneffectonthecornealparametersand
CCTvalues.Thisobservationcouldbebecauseofthe
durationbetweenthebeginningofdiseaseandthe
diagnosisandbeginningofGHtherapy.
· KEYWORDS: child;cornealbiomechanicalparameters;
centralcornealthickness;growthhormonedeficiency
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INTRODUCTION
T
heprevalenceofcongenitalgrowthhormone(GH)
deficiencyisknowntorangefrom1/3480to1/4018
[1,2].
GHanditseffectongrowththroughtheproductionof
insulin-likegrowthfactor1(IGF-1)areessentialforpostnatal
somaticgrowth
[3].TheeyeseemstobeatargetsiteforGH
actionandGHmayhaveendocrine,autocrineorparacrine
rolesinoculardevelopmentandgrowth
[4,5].Althoughthe
mechanismofthisobservationisstillnotfullyunderstood,
previous reportsshowedanassociation betweenGH
deficiencyandincreasedcentralcornealthickness(CCT),
optic nerve hypoplasia,reducedretinalvascularization,
shorteraxiallengthandhyperopia
[4,6-9].
InvestigativestudiesonanimalmodelsindicatedthatGH,
IGF-1andothergrowthfactorsexertaneffectonthe
developingoculartissuesbyinfluencingthesynthesisofthe
extracellularmatrixofthesclera
[10-12].Kirwan
[13]
suggestedthatthegrowthoftheeye,withpossible
remodelingandstretchingofcollagenfibers,shouldplaya
significantroleinthereductionofcentralcornealthickness.
TheassociationofGHwithCCTmayindicatethepresence
ofsomechangesincornealbiomechanicalparametersin
childrenwithcongenitalGHdeficiency.Tothebestofour
knowledge,cornealbiomechanicalchangesinchildrenwith
congenitalGHdeficiencyhavenotpreviously been
evaluated.Ouraiminthisstudywastocomparethecorneal
317biomechanicalparametersofchildrenwith congenital
isolatedGHdeficiencyandhealthycontrolsubjectsbyusing
theOcularResponseAnalyzer(ORA;ReichertInc.,Depew,
NY,USA).
SUBJECTSANDMETHODS
Ourstudyinvolved50eyesof50caseswithcongenital
isolatedGHdeficiencyreferredfromtheEndocrinologyand
MetabolismClinictotheOphthalmologyDepartmentand71
age-andsex-matchedcontrolsubjectswhohadappliedtothe
OphthalmologyDepartmentforaroutineocularexamination.
Allofthestudyprocedureswereconductedinaccordance
withtheDeclarationofHelsinki,andinformedconsentwas
obtainedfromtheparentsofalltheparticipants.Thecases
wereevaluatedprospectivelyandtheirpastmedicalhistories
werereviewed.ThisstudywasapprovedbytheEthical
CommitteeoftheAnkaraUniversitySchoolofMedicine.
Inthestudygroup,casesthathadaprevioushistoryofany
systemicdiseaseotherthanGHdeficiency,glaucomaor
elevatedIOP,cornealdisease,aphakia,contactlensuse,
chronicuseoftopicalocularmedications,oculartraumaor
ocularsurgerywereexcludedfromthestudy.Thecontrol
groupconsistedofhealthysubjectswhodidnothavea
historyofanysystemicdisease,familyhistoryofglaucoma,
oranyocularproblemsotherthanrefractiveerror.Eyeswith
anappearanceofglaucomatousopticnerve(cupdiscratio
greaterthan0.6,verticalcupasymmetrymorethan0.2,
neuroretinalrimlossornotching)werealsoexcluded.
Allthecasesinthestudygroupwerereferredfromthe
EndocrinologyDepartmentwithpresentingfindingssuchas
shortheight(-2.0SD)andsignificantlydelayedboneage.All
thesecaseshadbeendiagnosedwithisolatedcongenitalGH
deficiencyaftercompletepituitaryexaminationsincluding
theusualprovocativeGHtestingandallhadbeenreceiving
recombinantGHtherapy.Thecasesinboththestudyandthe
controlgroupsunderwentdetailed ophthalmologic
examinationsincludingbest-correctedvisualacuitywith
Snellencharts,cycloplegicrefraction,slit-lampexamination
andposteriorsegment examinationwiththedirect
ophthalmoscope.
Cycloplegicrefractionmeasurementwasperformedinboth
eyesbymeansofahand-heldautorefractometer(Welch
AllynSureSight,softwareversion2.16and2.20;Welch
AllynMedicalProducts,SkaneatelesFalls,NY,USA)30min
aftertheinstillationofcyclopentolate1%eyedropsthree
timesat10minintervals.
Cornealbiomechanicalparametersincludingcornea
hysteresis(CH),cornealresistancefactor(CRF),Goldmann-
correlatedIOP(IOPg)andcornealcompensatedIOP(IOPcc)
weremeasuredbetween09:00and11:00a.m.bythesame
experiencedphysician(ES)accordingtonormalclinical
practiceandmanufacturer'sguidelines.Foreachpatient,3
readingsofgoodqualityimagesweredefinedashavinga
waveformwith2distinct,nearly symmetricalpeaks.
Irreproducibleout-of-scalemeasurementswereexcluded
fromtheanalysis.Themeanvaluesofeachparameterwere
usedforstatisticalevaluation.
Afterthenoncontactpartofthestudyassessmentswas
finished,topicalanesthesiaconsistingofproparacaine
hydrochloride0.5%drops(Alcaineophthalmicsolution,
Alcon,Turkey)wasadministered.TheCCTmeasurement
was recordedusingaTomeyAL-1000ultrasound
biopachymeter(TomeyCorporation,Nagoya,Japan).
Onlytherighteyeswereincludedinthestudyasastrong
correlationwasfoundbetweenrightandlefteyes.The
Pearsoncorrelationtest,Kruskal-WallistestandChi-square
testwereusedforthestatisticalanalysis,andstatistical
significancewassetat <0.05.
RESULTS
Themeanageofthe21(42%)femalesand29(58%)males
foratotalof50caseswithGHdeficiencywas12.9 依2.9
(8-20)yearsandthemeanageofthe41(57.7%)femalesand
30(42.3%)malesforatotalof71healthychildrenwas13.4依
2.4 (8-19)years (Table1).Therewerenostatistically
significantdifferencesbetweenthetwogroupsinageor
genderdistribution( =0.28,independent -test; =0.09,
Chi-squaretestrespectively).Inthestudygroup,themean
durationofrecombinantGHtherapywas3.8依2.4(1-11)y.
Thecornealbiomechanicalparametersofthegroupsare
summarizedinTable2.Therewerenosignificantdifferences
inCH,CRF,IOPgandIOPccvaluesbetweenthe2groups( =
0.315, =0.286, =0.145, =0.747respectively).Although
themeanCCTofthestudygroupwashigherthanthecontrol
group,thedifferencebetweentheCCTmeasurementsofthe
twogroupswasnotstatisticallysignificant( =0.13).
DISCUSSION
Overthepastfewyears,theORAhasbecomeoneofthe
mostimportantinstrumentsforbothresearchandclinical
evaluationofcaseswithcornealdiseasesandglaucoma
[14-16].
InadditiontothemostaccurateIOP(IOPcc),itcanalso
provide measurementsofothercornealbiomechanical
parameterslikeCH,CRFandIOPg.
GHisknowntohaveaneffectonpostnataloculargrowth
throughtheproductionofIGF-1
[3,4].Immunochemistrystudies
haverecentlydiscoveredGHinthevitreousfluidofhuman
andrateyes
[17-19].AlsoGHandGHmRNAproteinshavebeen
identifiedintheneuralretina,opticnerve,choroidlayer,
ciliarybody,corneaandlensepitheliumofthechick
embryo
[12,20-22].Somestudiessuggestedthattheeyeseemsto
beatargetsiteforGHaction
[4,5].However,therolesfor
ocularGHinhumaneyesarecurrentlyunknown.Butits
deficiencyisassociatedwithsomeocularabnormalitieslike
mainlyincreasedCCTandhyperopiarelatedwithshortaxial
length
[3,6-9,14].Itisalsothoughttohavepossibleinteraction
withthe physiologicalprocessofemmetropization
[14].
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ParentinandPensiero
[3] comparedCCTof45childrenwith
GHdeficiencywithnormalsubjectsandfoundstatistically
significantincreaseintheirpatients.Theyalsofound
significantincreaseinprevalenceofhyperopiainGH
deficiencygroupandstatedthatbothshorteraxiallengthbut
alsoagreaterCCTcanrepresentasignofadelayedgrowth
oftheeyerelatingtoGHdeficiency
[3].Similarly,Bourla
[6] investigatedcaseswithLaronsyndromewhichis
relatedwithprimaryGHresistanceorinsensitivityandfound
greateraverageoculardimensions,largeraxiallength,deeper
anteriorchamberandhigherlensthicknessvaluesin
untreatedcasesthantheonceunderGHreplacementtherapy.
Kirwan
[13] suggestedthatthegrowthoftheeye,through
thepossibleremodelingandstretchingofcollagenfibers,
mightplayasignificantroleinthereductionofCCT.During
thegrowthoftheeye,thisprocessmayinfluencecorneal
biomechanicalparametersbytheremodelingandstretching
ofcollagenfibers.Onthebasisofthesecornealandother
structuralchanges,ourhypothesisstatedthatthereshouldbe
somedifferencesincornealbiomechanicsinthisillnessand
weaimedtocomparebiomechanicalparametersofthecases
withGHdeficiencyandnormalsubjects.
Cornealanatomicalandbiomechanicalparametersdetermine
cornealstructuralintegrityandstiffness.CHpredominantly
reflectstheviscousdampeningpropertiesofthecorneaand
CRFismostlyassociatedwithcornealstiffness
[23-25].
studieshaveshownthatcrosslinkingofcollagenfibersmay
eventuallyresultinincreasedstiffnessofthecornea
[26].Any
otherchangesintheregulationofthecollagenfibersmay
alsoaffectthestromaandtherefore cornealstiffness
includingpossibleeffectofGH.WecomparedCH,CRF,
IOPccandIOPgofourcaseswithage-andsex-matched
normalsubjectsinadditiontoCCTofthem.However,we
couldnotfindanysignificantdifferencesbetweenthese
cornealbiomechanicalparametersandCCTvalues.These
resultswereunforeseeableforusespeciallyinsignificant
differenceinCCTandthereasonsfortheseinsignificant
differenceswerecontroversial.But,thismaybeexplainedin
twodifferentways.Thestromamakesup90%ofthecorneal
thicknessandisthemostimportantcorneallayerfromthe
biomechanicalpointofview.Firstofall,wedonotcurrently
knowtheeffectsofGHonkeratocytesthatproducethe
collagenfibrilsandextracellularmatrix,thebasicbuilding
blocksofthestroma.Also,thereisnodirectrelationship
betweenCCTandcornealbiomechanicalbehavior.Kaushik
[27] evaluatedtherelationshipbetweenthecorneal
biomechanicalproperties,CCTandIOPmeasuredby
Goldmannapplanationtonometryintheirstudyonatotalof
323eyesof323participants(normalsubjects,caseswith
glaucomasuspect,ocularhypertension,primaryangle-closure
disease,primaryopen-angleglaucomaandnormal-tension
glaucoma)whohadreceivednoophthalmictreatment.They
statedthatCHwasadependantvariableshowedsignificant
associationwithIOPandCRFbutnotCCT.SohigherCCT
valuesincaseswithGHdeficiencyreportedbeforeby
previousreportscannotabsolutelycausechangesincorneal
biomechanicalbehaviorandbecauseofthis,nosignificant
differencesbetweencornealbiomechanicalparametersmight
befoundinourstudy.OurcasesofGHdeficiencywere
foundtohaveinsignificantlyhigherCCTvaluesthanthe
controlsubjects.Thisinsignificancewasadifferentfromthe
ParentinandPensiero'sstudy
[3].Furthermore,wehadmore
caseswithsimilaragedistributionandmeandurationofGH
replacementtherapytothoseinParentinandPensiero's
[3]
study.Onepossiblereasonforthisdifferenceisthatthe
durationbetweenthebeginningofdiseaseandthediagnosis
andbeginningofGHtherapymighthaveimportantroleon
cornealchanges.Solatediagnosisanddelayedtreatment
Table 1 Clinical characteristics of the cases in the study 
Parameters  GH deficiency group  Control group  P 
Eyes (n)  50  71   
Mean age±SD (a) (min-max)  13.4±2.4 (8-19)  12.9±2.9 (8-20) 
10.28 
Male n (%)  29 (58)  30 (42.3) 
20.09 
Female n (%)  21 (42)  41 (57.7)   
Duration of GH treatment (a)  3.8±2.4 (1-11)     
1Independent t test; 
2Chi-square test. 
Table 2 Corneal biomechanical parameters and central corneal thickness of the cases and their 
statistical distribution 
Parameters  GH deficiency group  Control group  P 
CH (mm Hg) (min-max)  11.0±2.0(6.4-18. 6)  10.7±1.7 (7.5-14.6)  0.315 
CRF (mm Hg) (min-max)  10.9±1.9 (7.2-17)  10.5±1.7 (7-13.8)  0.286 
IOP g (mm Hg) (min-max)  15.1±3.3 (9.8-23)  15.2±3.3 (7-21.3)  0.145 
IOPcc (mm Hg) (min-max)  15.1±3.2 (7.5-23.0)  15.3±3.4 (8.1-23.7)  0.747 
CCT (µm) (min-max)  555.7±40.6 (474-644)  545.1±32.5 (487-604)  0.13 
Independent  t-test; CH: Corneal hysteresis; CRF: Corneal resistance factor; IOPcc: Corneal 
compensated intraocular pressure; IOPg: Goldmann correlated IOP; CCT: Central corneal thickness. 
319possibilitiesmightcausethesedifferentresultsandourcases
mighthaveearlierGHreplacement.Anotherandstronger
reasonisthefactthatthemechanismofGH'seffecton
corneaisnotclearlyunderstood
[4,5].
CaseswithacromegalymayalsohavechangesinCCT
[4,28].
Ciresi
[4] andBramsen
[28] showedsignificantly
greatermeanCCTvaluesinacromegalicpatientsthan
healthysubjects.Ciresi
[4] suggestedthatacromegalic
patientswithlongeractiveanduncontrolleddiseaseshowed
greaterCCTvalues,supportingthehypothesisthatGH
excessmayhavestimulatoryeffectsonthecorneaaswellas
onothertargetorgans.However,theircaseswereolderthan
ours.
OurhypothesisinthisstudywasthatGHdeficiencymight
causeavariationoftheanatomicandbiomechanical
propertiesofcornea.Wedidnotfindanysignificant
differencesincornealthicknessandbiomechanicsbetween
GHdeficiencycasesandnormalsubjects.Moreinformation
isrequiredtounderstandtheunderlyingmechanismof
growthhormoneeffectsonthecornea.
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